Purpose: American adult adoptees may possess limited information about their biological families and turn to direct-to-consumer personal genomic testing (PGT) for genealogical and medical information. We investigated the motivations and outcomes of adoptees undergoing PGT using data from the Impact of Personal Genomics (PGen) Study.
INTRODUCTION
Family health history is a cornerstone of modern medicine, 1,2 but for some patients, this information is unavailable. Direct-to-consumer personal genomic testing (PGT) is one way for these individuals to obtain personalized information regarding disease risks, inherited traits, pharmacogenomics, and ancestry. [3] [4] [5] However, the provision of genetic information directly to customers who have limited family-history information underlies one of the primary criticisms of PGT: without a family history through which to contextualize PGT results, and without clinician interpretation, consumers may be falsely reassured by low-risk results or unnecessarily alarmed by results indicating an elevated risk of disease. [6] [7] [8] Adopted individuals constitute one group whose health care may be affected by a lack of family-history information, [9] [10] [11] but they can face ethical and practical challenges when attempting to obtain genetic-risk information. 12 Anecdotal reports from PGT companies and in the media suggest that adoptees have used PGT from Family Tree DNA and 23andMe to find biological family members and to learn about their ancestry. 4, 13 Beyond this, little is known about PGT customers who were adopted, and there is no consensus on the appropriateness of disclosing genetic results to those with limited family-history information. Because adoptees may differ from the general population in their responses to PGT, there is a need for empirical study of how adoptees perceive and utilize PGT results. 10 Using data from the Impact of Personal Genomics (PGen) Study, 14 a longitudinal study of PGT customers of 23andMe 15 and Pathway Genomics 16 (Pathway), we conducted an exploratory analysis comparing adoptees and nonadoptees who used PGT. We compared cohorts with respect to baseline (pre-disclosure) demographics, psychosocial characteristics, family health-history knowledge, and motivations for seeking PGT. At 6 months after disclosure of PGT results to customers, we compared adoptees and nonadoptees with respect to PGT-motivated health-care utilization and PGT-motivated health-behavior change. Finally, we analyzed adoptees' perceptions of the value of PGT.
MATERIALS AND METHODS

Participants
The PGen Study is a collaboration between academic researchers and industry scientists from 23andMe and Pathway Genomics. Details of the study's design and methodology, 14, 17 Submitted 10 August 2015; accepted 12 November 2015; advance online publication 28 January 2016. doi:10.1038/gim. 2015.192 Original research article along with other reports from the study, [18] [19] [20] have previously been published. Briefly, new customers of 23andMe and Pathway were recruited between March and July 2012. They provided online consent to participate in the study, including consent to link survey responses with PGT results. Prior to receiving their PGT results, 1,648 participants completed a baseline survey. Participants were followed for 6 months after receiving their results. A diagram summarizing the PGen Study design, including the timing of measures and exclusions relevant to these analyses, is provided in the supplementary information (Supplementary Figure S1 online). The study protocol was approved by the Partners Human Research Committee.
Personal and family history
Adoptees and nonadoptees were identified using two items in the baseline survey. Participants were asked, "Are you adopted?" and responded "yes" or "no. " They also reported whether "desire to learn more about my genetics because I am adopted" was a motivation to seek PGT. Participants who responded "yes" to the first item were classified as adoptees. Participants who responded "no" to the first item and "very important" or "somewhat important" to the second item were classified as having an unclear adoption status. Participants with an unclear adoption status who consented to additional contact were contacted by phone to confirm whether they were adopted; if their status remained unclear, these participants were omitted from further analyses.
Demographic information was collected via self-report. Self-reported health was measured on a 5-point scale derived from the 36-item Short Form Health Survey ("excellent" = 1 to "poor" = 5). 21 Body mass index was calculated using participants' self-reported height and weight. Frequency of exercise was measured using a question adapted from the National Health Interview Survey, 22 in response to which participants reported the number of days per week (0-7 days) they performed vigorous exercise for at least 10 minutes. Fruit and vegetable consumption was measured by asking participants to report how many servings of each they consumed on a typical day (0, 1, 2, 3, 4, or 5+), with responses of "5+" recoded as "5. " Participants' anxiety and depression levels were assessed using the two-item Generalized Anxiety Disorder (GAD-2) scale 23 and the two-item Patient Health Questionnaire (PHQ-2) score, 24 respectively. Higher scores (range = 0-6) indicated greater anxiety/depression. A positive emotions score (0-6) was calculated as the sum of responses to two Mental Health Inventory 25 items rated on a 4-point scale. Higher scores indicated greater frequency of positive emotions.
Level of family health-history knowledge about first-, second-, and third-degree relatives was ascertained by asking participants whether any of their blood relatives had a history (yes or no) of 15 specific conditions.
Genetic testing
Exposure to genetic testing and genetics specialists was assessed by asking participants if they had ever met clinically with a genetic counselor or genetics specialist, undergone previous genetic testing other than newborn screening, or previously purchased PGT from a different company. A five-item genetics selfefficacy scale, 18 with a Cronbach's α value of approximately 0.94, was used to calculate a genetics self-efficacy score. Participants rated their agreement with each item using a 7-point Likert scale ("strongly disagree" = 1 to "strongly agree" = 7), and the ratings were summed to give a score ranging from 5 to 35.
Participants reported how important 11 motivations were to their decision to seek PGT using 3-point scales ("very important, " "somewhat important, " or "not at all important") and provided open-ended responses articulating why they sought PGT. On 3-point scales, participants rated seven factors in their decision to seek PGT ("considered a lot, " "considered somewhat, " or "did not consider") and their interest in learning about four types of PGT results ("very interested, " "somewhat interested, " or "not at all interested").
At 6 months after disclosure of PGT results, participants were asked with whom they had discussed their results. Participants could choose from family, friends, co-workers, medical professionals (primary-care provider, genetics specialist, or other), and social-networking contacts. Healthcare utilization was measured by creating a composite yes/ no variable whereby "yes" represented a participant who affirmed that their PGT results prompted any medical tests, examinations, or procedures or consultations with a medical professional. Health-behavior change was measured by creating a composite yes/no variable whereby "yes" represented a participant who affirmed that their PGT results prompted any change in diet, exercise, medications (prescription, nonprescription, or alternative), or use of vitamins/supplements. Weekly vigorous exercise and daily fruit and vegetable consumption were measured again at 6 months after disclosure using the same questions asked at baseline. At 6 months after disclosure, participants also provided open-ended responses explaining why they thought the PGT experience was valuable or not. A 5-point scale ("not at all" = 1 to "extremely" = 5) was used to assess how valuable participants found their results and how satisfied they were with their decision to seek PGT. Decision regret was assessed using a validated five-item scale (range = 0-100), 26 with higher scores indicating greater regret about the decision to undergo PGT.
Data analysis
We excluded participants from all analyses if they viewed their PGT results prior to completing the baseline survey, had an unclear adoption status, or were missing required baseline data. We excluded from follow-up analyses participants who were missing required 6-month survey data for variables used to determine health-care utilization or health-behavior changes.
Descriptive statistics were computed to summarize the characteristics of the study sample. Data were stratified by adoption status. Categorical variables were compared using chi-squared tests. Continuous variables were compared using Welch's t-tests, which allow for unequal variances within cohorts. Statistical significance was set at P < 0.05.
For logistic or linear regression analyses of baseline variables, bivariate or multivariate regression was undertaken as appropriate. To facilitate analysis, motivations were dichotomized to "very important" versus "somewhat"/"not important, " decision-making factors were dichotomized to "considered a lot" versus "considered somewhat"/"not considered, " and informational interests were dichotomized to "very interested" versus "somewhat"/"not interested. " Each of these outcomes was regressed on adoption status using bivariate and multivariate logistic regression.
For logistic or linear regression analyses of 6-month outcomes, bivariate or multivariate regression was also undertaken as appropriate. Discussion of PGT results, health-care utilization, and health-behavior changes were analyzed as dichotomous variables, with regression on adoption status in bivariate and multivariate logistic regression models. Changes from baseline in vigorous physical exercise levels and daily fruit and vegetable consumption were compared by adoption status using Welch's t-tests after confirming normal distributions. Correlation tests were also conducted to determine whether reported PGT-motivated changes in exercise and diet were associated with changes in frequency of vigorous exercise and daily fruit and vegetable consumption from baseline to 6-month follow-up. Satisfaction and value responses were dichotomized to "extremely"/"very" versus "somewhat"/"a little"/ "not at all, " and differences by adoption status were analyzed using chi-squared tests. Owing to skewed distributions, decision regret was analyzed as a dichotomous variable of scores of 0 and scores greater than 0. Differences in decision regret by adoption status were analyzed using bivariate and multivariate logistic regression.
Emergent themes were identified from adoptees' free-form responses describing why they underwent PGT and whether they found it to be valuable. Themes were identified by generating word-frequency lists, followed by an analysis of key words in context performed by the first author. 27 Multivariate analyses were adjusted for biological children, PGT company, prior PGT, and demographics that differed by cohort (age, gender, education, race, ethnicity). Statistical significance was set at P < 0.05. Data analyses were performed using R software (version 3.2.0; R Foundation for Statistical Computing, Vienna, Austria).
Code availability
The computer code used for statistical analyses is available from the corresponding author upon request.
RESULTS
Baseline survey sample
The baseline analyses of 1,607 participants included 80 adoptees and 1,527 nonadoptees. Participants who completed the baseline questionnaire but had an unclear adoption status (n = 24) or missing data for descriptive and motivational questions (n = 17, all nonadoptees) were excluded from the analyses (Supplementary Figure S1 online).
Compared with nonadoptees, adoptees appeared to be, on average, younger and less highly educated, with fewer biological children, higher body mass index, and lower daily fruit intake, although the difference in number of biological children was not significant when controlled for age (P = 0.209). Adoptees were also more likely to be customers of 23andMe ( Table 1) . Adoptees reported fewer positive emotions than nonadoptees in the 2 weeks prior to completing the baseline survey, but anxiety and depression scores did not differ.
Adoptees reported fewer conditions affecting blood relatives than nonadoptees (mean = 3.3 among adoptees versus 6.8 among nonadoptees, P < 0.001) (Supplementary Figure S2 online). Conditions for which adoptees most frequently reported having an affected blood relative were substance abuse (40%), cancer (37%), and heart conditions (34%). By contrast, nonadoptees most frequently reported having an affected blood relative with cancer (79%), heart conditions (73%), and high cholesterol (70%). Nonadoptees were more likely to report an affected blood relative for 9 of 15 queried conditions ( Supplementary Table S1 online, all P ≤ 0.001). Data were missing for 18 adoptees and 32 nonadoptees ( Supplementary Table S2 online).
Motivations and considerations when purchasing PGT
Adoptees and nonadoptees were both strongly motivated to purchase PGT because they were curious about their genetic makeup ( Table 2) . Compared with nonadoptees, adoptees were more motivated by their limited knowledge of their family health history and desire to learn their personal disease risk. Half of adoptees and nonadoptees factored actionability of PGT results into their decision to purchase PGT, and adoptees were less likely to consider genetic privacy (23% of adoptees versus 41% of nonadoptees, OR = 0.4, 95% confidence interval (CI): 0.2-0.7, P = 0.001). Both groups were keenly interested in learning about ancestry and disease risk and less interested in learning about carrier status. Bivariate analyses suggested that adoptees were less interested in learning pharmacogenomic information than nonadoptees, although the differences were not significant in adjusted analyses.
Several themes emerged from analysis of adoptees' open-ended responses describing why they sought PGT ( Table 3) , but in all the themes they acknowledged their lack of personal or familial information, using language such as "no access to knowledge. " They also indicated that they had turned to PGT to search for their missing information. Adoptees expressed a long-standing desire to learn about their ancestry: "I have always wanted to know more about my background" and "I have always felt a desire to know where I come from. " Adoptees' lack of knowledge about their genetic makeup motivated their search for personal genetic-risk information; for example, one reported wanting to know "relative risk for diseases and adverse pharmacogenetic interactions. " Adoptees wanted to learn familial risks for family planning purposes and to educate offspring, and some wanted to find and contact biological family members: "this service will be a long shot to connect with them. "
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The six-month follow-up survey sample
Six-month follow-up survey data were analyzed for 51 adoptees and 871 nonadoptees (n = 922) after excluding participants who were missing required 6-month survey data for variables used to determine health-care utilization or healthbehavior changes (n = 6 adoptees and n = 97 nonadoptees) (Supplementary Figure S1 online). No evidence of differential attrition or exclusion by adoption status was observed, with 64% of adoptees and 57% of nonadoptees included in analyses (P = 0.237).
A comparison of the 922 participants who were included in 6-month analyses and the 685 participants who did not a Chi-squared tests were used to obtain global P values for categorical variables. b The GAD-2 was used to assess a participant's level of anxiety and higher scores indicated greater anxiety. c The PHQ-2 was used to assess a participant's level of depression and higher scores indicated greater depression.
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complete the 6-month follow-up survey or were excluded from analyses is presented in Supplementary Table S3 online. Compared with participants omitted from analyses, participants whose 6-month data were analyzed tended to be younger (mean age = 46.6 vs. 49.4, P < 0.001), were less likely to have biological children (49 vs. 57%, P = 0.001), were less likely to be 23andMe customers (62 vs. 70%, P < 0.001), were more likely to have undergone previous genetic testing (16 vs. 11%, P = 0.018), and had higher mean genetics self-efficacy scores (29.1 vs. 28.2, P = 0.003). Among adoptees, no statistically significant differences were observed between participants whose 6-month outcomes were analyzed compared with adoptees who were not analyzed ( Supplementary Table S4 online). Among nonadoptees, characteristics of participants whose 6-month outcomes were analyzed and omitted followed patterns observed for the study sample overall ( Supplementary  Table S5 online).
PGT-motivated actions and attitudes
PGT results specifically motivated 41% of all participants to utilize a health-care service and 56% to change a health behavior (diet/exercise/medications/vitamins or supplements) within 6 months of receiving PGT results. Adoptees and nonadoptees reported similar levels of PGT-motivated health-care utilization and frequencies of health-behavior changes ( Table 4) . Analyses showed no difference between adoptees and nonadoptees with respect to mean change in vigorous exercise days per week (−0.0 vs. 0.1, respectively, P = 0.511) from baseline to 6 months, although quantified changes were correlated with reported PGT-motivated exercise changes (r = 0.16, P < 0.001). Analyses also showed no difference between groups with respect to mean change in daily fruit (0.2 vs. 0.1, respectively, P = 0.309) or vegetable (0.2 vs. 0.1, respectively, P = 0.716) servings, but, again, quantified changes in fruit (r = 0.08, P = 0.012) and vegetable (r = 0.14, P < 0.001) consumption were each correlated with Table 3 Illustrative quotes from adoptees explaining why they underwent PGT
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Theme Quotes
Ancestry (30) a "I was adopted a few days after birth and have no record of the ethnicity of my birth parents. I do not undoubtably look any certain ethnicity, but my adoptive parents are both white so I've always stood out. I have always wanted to know more about my background." (Woman, age 24)
"The family that adopted me has always had a strong interest in their own personal heritage and genetics. I have no information, and I have always felt the desire to know where I come from." (Woman, age 21)
Personal genetic risk (42) "I am an adopted person with no access to knowledge of my genetic heritage or health background. It is primarily because I want to know something about my own genetic makeup that I have done genetic testing." (Man, age 58) "I am adopted and I have no information regarding family history of illness. I am primarily interested in my relative risk for diseases and adverse pharmacogenetic interactions." (Man, age 23)
Familial risks (5) "I am adopted and plan on having biological children with my wife. We wanted to get some indication of my family medical history and genetic risk factors before we started the process." (Man, age 29)
"I was adopted as a baby and can't get any information on my Bio family. I have been ill most of my life…I wanted to be able to give my children some info so they are aware." (Woman, age 47)
Finding biological family members (9) "I am adopted and have been denied information about my birth family although I have been given limited information about their existence. This service will be a long shot to connect with them." (Man, age 42) "I discovered I was adopted three years ago. I have very limited information on my biological parents…the relative finder portion of 23andme.com is a great feature. I am hoping I have some relatives out there that have used 23andMe's service." (Woman, age 34) a Numbers in parentheses indicate the total number of quotes assigned to each theme. Seventy-five quotes were analyzed and quotes could be assigned to more than one theme. Five adoptees did not provide a free-form response. "Thought it may be more specific and less general." (Man, 56)
Disappointed by the lack of biological family members identified (2) "
Has not yet led me to any close matches. Most are 4th or 5th cousins and without any family history, I can't really tell anything." (Woman, age 44) "I would have liked to have seen more close ancestry matches." (Man, age 50) a Numbers in parentheses indicate the total number of quotes assigned to each theme. Twenty-six quotes were analyzed, and 25 adoptees did not provide a free-form response.
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reported PGT-motivated dietary changes. Adoptees appeared to be more likely than nonadoptees to discuss their results with co-workers (53% of adoptees versus 34% of nonadoptees, OR = 2.1, 95% CI: 1.2-3.9, P = 0.014) but no more likely to discuss their results with social-networking contacts, primary-care providers, family, or friends (all P > 0.05). The majority of adoptees and nonadoptees considered their PGT results valuable (69 vs. 62%) and were satisfied with their decision to seek PGT (78 vs. 81%). Furthermore, 71% of adoptees and 60% of nonadoptees scored the minimum for decision regret, and no difference in decision regret was observed between adoptees and nonadoptees in bivariate (OR = 0.6, 95% CI: 0.3-1.1, P = 0.122) or adjusted analyses (OR = 0.6, 95% CI: 0.3-1.0, P = 0.074).
An analysis of adoptees' open-ended responses describing why the PGT experience was valuable or not valuable is presented in Table 5 . Adoptees considered PGT valuable because it provided a means of accessing information that was previously difficult for them to obtain. Some adoptees expected to receive more definitive genetic results, and others were disappointed that the PGT service had not revealed any close biological relatives.
DISCUSSION
Using data from the PGen Study, we have described the characteristics and motivations of adoptees undergoing personal genomic testing, and how adoptees use their genetic results. A strong desire for information is key to adoptees' beliefs and actions. The information obtained from PGT, including genetic risks, ancestry, and the identities of biological relatives, may be otherwise difficult to obtain for adoptees, whereas PGT provides a convenient and affordable method of access. Our results may help health-care professionals and policy makers to better understand the desires of adopted patients and how the provision of genetic information may affect their health. Although PGT results motivated many adoptees to change a health behavior or utilize a health-care service, they did so no more than nonadoptees did.
The adoptees in our sample knew less about their family health history than nonadoptees did, as might be expected. Adoptees experienced fewer positive emotions than nonadoptees in the 2 weeks prior to testing but were not more often depressed. A sociopsychological study by Sobol et al. 28 found that adult adoptees who searched for birth parents, compared with nonsearchers, were more likely to believe that adoption made them feel different and incomplete. Adoptees may be more emotionally invested in discovering their genetic background than nonadoptees, and deciding to seek PGT may arouse more negative emotions for adoptees who are actively thinking about the family-history information they lack.
Both adoptees and nonadoptees were strongly motivated to purchase PGT because of curiosity about their genetics and an interest in learning their risk for specific diseases. Similar motivations of PGT customers have been reported. 5, 29 Adoptees were more strongly motivated to learn their genetic disease risks than nonadoptees, and this desire among adoptees may arise from their common experience of having an incomplete family history. A lack of family-history information may affect an adoptee's mental health, 11 interfere with disease management and prevention, 9, 30 and result in stigmatization by medical professionals. 9 Adoptees may recognize that they are at a health disadvantage because they lack certain family health-history information and are seeking genetic testing to improve their health outcomes.
Numerous blog posts and accounts in the news media have suggested that adoptees use PGT to obtain ancestry information and find biological relatives. 4, 13 A study by Crouch et al. 30 that explored adoptive parents' attitudes toward whole-genome sequencing for their adopted children coincidently discovered that three participants had purchased PGT for their adopted children in an effort to address their children's questions about their background. Our results support the inference that obtaining ancestry information is a strong motivation for adult adoptees when purchasing PGT. A person's identity can be shaped by his or her ethnicity and ancestry, and lack of information in this area may be a concern for some adoptees. 11 Adoptees were more likely to be 23andMe customers than Pathway customers; 23andMe's PGT service may have appealed to adoptees because it offers ancestry information and a method of contacting biological relatives. We expected adoptees to be more interested in learning about ancestry than nonadoptees, but we found that interest in obtaining ancestry information was not more strongly associated with being adopted.
Some PGT companies integrated notions of autonomy and privacy into their marketing strategies, with advertising campaigns promoting direct, autonomous access to genetic information while bypassing the health-care system and avoiding inclusion of results in medical records. 5, 31 From this perspective, PGT could be perceived as a service that protects customer privacy. However, some PGT customers may inaccurately assume that confidentiality standards governing physician-patient interactions apply to PGT company-customer relationships, 32 and customers may not be aware of their privacy vulnerabilities. Adoptees were less concerned about the privacy of their genetic information prior to testing than nonadoptees, and may have been more willing to share their results with people not closely related. Adoptees may be less concerned about privacy because they are actively trying to discover their genetic identity, and they may be frustrated about the secrecy surrounding their biological family's genetic information and therefore be advocating for easier access to adoption (and genetic) records.
Our evidence did not suggest that adoptees would be more likely than nonadoptees to base important health decisions on PGT results alone. PGT motivated adoptees and nonadoptees to utilize health-care services, such as consultations with medical professionals or medical tests, and to change a health behavior, such as changes in medication, diet, or exercise. Other studies have found that customers take similar health-related actions after receiving PGT results. 33, 34 Perhaps because PGT may be the only accessible source of genetic-risk and ancestry information for adoptees, the mere
